We administered zinc supplementation therapy over three years to patients with chronic hepatitis C and reported and that the aspartate aminotransferase (AST) and alanine aminotaransferase (ALT) levels decreased, and platelet counts increased, significantly in the group with increased serum zinc concentrations. We are continuing this treatment to clarify the long term consequences and report here the changes in serum zinc concentrations over seven years and compare the cumulative incidence of hepato cellular carcinoma (HCC). We administered polaprezinc to 32 patients, randomly selected for zinc therapy (treatment group), while another 30 formed the control group. We measured the serum zinc and albumin concentrations and conducted a prospec tive study to determine long term outcomes. The changes and rates of change of serum zinc concentrations after seven years were 76.7 ± 18.2 µg/dl and +0.302 ± 0.30% in the treatment group and 56.7 ± 12.4 µg/dl and +0.033 ± 0.21% in the control group and had increased significantly (p = 0.0002, p = 0.0036). Progression of liver disease seemed to vary, depending on serum albumin con centrations. In the group with baseline serum albumin concentra tions of 4.0 g/dl or more, the change and rate of change of serum zinc concentrations increased significantly, and the cumulative incidence of HCC tended to decrease, in the treated group. According to multivariate analysis, the factors that contribute to a reduction in the incidence of HCC are zinc therapy (risk ratio: 0.113, 95% CI: 0.015-0.870, p = 0.0362), and platelet counts (0.766, 0.594-0.989, 0.0409). Zinc supplementation therapy seems to improve liver pathology and reduce the incidence of HCC.
We administered zinc supplementation therapy over three years to patients with chronic hepatitis C and reported and that the aspartate aminotransferase (AST) and alanine aminotaransferase (ALT) levels decreased, and platelet counts increased, significantly in the group with increased serum zinc concentrations. We are continuing this treatment to clarify the long term consequences and report here the changes in serum zinc concentrations over seven years and compare the cumulative incidence of hepato cellular carcinoma (HCC). We administered polaprezinc to 32 patients, randomly selected for zinc therapy (treatment group), while another 30 formed the control group. We measured the serum zinc and albumin concentrations and conducted a prospec tive study to determine long term outcomes. The changes and rates of change of serum zinc concentrations after seven years were 76.7 ± 18.2 µg/dl and +0.302 ± 0.30% in the treatment group and 56.7 ± 12.4 µg/dl and +0.033 ± 0.21% in the control group and had increased significantly (p = 0.0002, p = 0.0036). Progression of liver disease seemed to vary, depending on serum albumin con centrations. In the group with baseline serum albumin concentra tions of 4.0 g/dl or more, the change and rate of change of serum zinc concentrations increased significantly, and the cumulative incidence of HCC tended to decrease, in the treated group. According to multivariate analysis, the factors that contribute to a reduction in the incidence of HCC are zinc therapy (risk ratio:
Introduction Z inc is an essential component of the diet and is required for the synthesis of enzymes involved in nucleic acid and protein metabolism, including DNA polymerase, RNA polymerase, alcohol dehydrogenase, carbonic anhydrase and alkaline phosphatase.
(1,2) It is well known that zinc deficiency may result in diseases such as skin dermatitis (3) and lead to taste disorders. However, the association of zinc deficiency with the pathogenesis of liver disease (4, 5) is less well understood. We investigated previously the effects of zinc supplementation therapy in 62 patients with chronic hepatitis C, randomly assigning 32 patients to the treatment group with administration of 300 mg polaprezinc daily, the remaining 30 forming the control group without administration of polaprezinc. Over three years, we measured the serum zinc concentrations, aspartate aminotransferase (AST) levels, alanine aminotaransferase (ALT) levels, and platelet counts and determined the cumulative incidence of hepatocellular carcinoma (HCC). We reported that, in the group with increased serum zinc concentrations, the AST and ALT levels and the cumulative incidence of HCC decreased significantly and the platelet counts increased significantly. (6) We are continuing the treatment in order to determine the long-term outcome of zinc supplementation therapy. The observation period is now an average of 7.7 years and the number of cases of HCC has increased. The changes in serum zinc concentration over seven years and the cumulative incidence of HCC may now be compared between the treatment and control groups to clarify the value of polaprezinc administration.
Materials and Methods
Patients and methods. A total of 62 Japanese patients with chronic hepatitis (CH) or liver cirrhosis (LC) attributable to persistent hepatitis C virus infection and who were examined at Nihon University Itabashi Hospital from September 1999 through January 2001, gave informed consent to their participation in this study. All of the patients were positive for serum HCV RNA (Amplicor HCV Monitor, Roche Diagnostic K.K., Tokyo, Japan) and negative for serum hepatitis B surface antigen (HBsAg, enzyme-linked immunosorbent assay, EIA, Dinabot, Tokyo, Japan), LE cells, anti-smooth muscle antibody (fluorescence antibody method, FA), and anti-mitochondria antibody (FA). No heavy drinkers (more than 30 g ethanol intake per day) and no patients undergoing interferon therapy were included in the study.
We randomly assigned 32 patients to the treatment group (150 mg polaprezinc administered orally per day) and the remaining 30 (not administered polaprezinc) constituted the control group. We measured the serum zinc concentrations and serum albumin concentrations every year and conducted a prospective study to determine the long-term outcome of the treatment. We compared the changes in serum zinc concentrations and serum albumin concentrations over seven and six years, and the cumulative incidence of HCC, between the treatment and control groups. We compared the long-term outcome of patients with CH or LC in terms of the cumulative probability of incidence of HCC.
However, other treatments for hepatitis have been provided and various patients have been treated by injections of Stronger neo-minophagen c (Monoammonium glycyrrhizinate, Glycine, L-Cysteine hydrochloride hydrate), oral treatment with ursodeoxycholic acid and amino acid supplementation. Therefore, the effect of administration of zinc preparations alone on improvement in liver function cannot be evaluated in these patients.
Zinc absorption in vivo is due largely to albumin and albumin concentrations also are important for assessing the progression of liver disease. This means that individuals with reduced serum Z albumin concentrations may have decreased absorption of zinc, leading to the progression of liver disease and an increased risk of HCC. Despite a decrease in serum albumin concentrations, increases in serum zinc concentrations likely were attributable to the zinc supplementation therapy. Therefore, we investigated the patients on the basis of their serum albumin concentrations and divided them into groups with baseline serum albumin concentrations below 4.0 g/dl and 4.0 g/dl or more. We investigated the cumulative incidence of HCC as the long-term outcome and sought to determine the long-term outcome of the zinc therapy in this prospective study.
Zinc supplementation therapy/Polaprezinc administered therapy/Zinc therapy and observation. 1.0 g Promac ® (ZERIA Pharmaceutical Co. Ltd., Tokyo, Japan), containing 150 mg polaprezinc, was administered orally twice daily, after breakfast and after dinner. 150 mg polaprezinc contains about 33.3 mg zinc. The follow-up schedule was as follows: the patients underwent abdominal ultrasonography every 3 or 6 months, and abdominal CT examination every 6 to 12 months, for the detection of HCC. When space occupying lesions (SOL) were detected in the livers of the patients by dynamic CT, enhancement of SOL was observed at the early phase of dynamic CT and the disappearance of SOL staining was observed at the late phase. A precise diagnosis was made by abdominal angiography. When SOL in the liver was not enhanced in the early phase of dynamic CT, or if a precise diagnosis could not be made by abdominal angiography, tumor biopsy was carried out and a precise diagnosis was made on the basis of the pathological findings. The end point of the observation period was reached when a patient was treated with interferon, or diagnosed with HCC, or stopped attending for medical examination.
Measurement of serum zinc concentrations. Serum zinc concentration may vary with the diurnal rhythm (high in the morning and low in the afternoon) and the effects of diet and drugs. Measurement of serum zinc concentrations was carried out by a direct colorimetric method, (7) the reference value being 65-110 μg/dl.
Statistical analysis. The gender was compared using the chi-square test for independence. The remaining parameters are indicated by the mean ± SD and were compared using the MannWhitney U test. Changes in serum zinc concentrations and serum albumin concentrations were compared between the treatment and the control groups. Serum zinc concentrations and their rate of change were compared over seven years using the Mann-Whitney U test. Cumulative incidence curves were determined with the Kaplan-Meier method and the differences between groups were assessed using the log-rank test. Analysis of factors for the risk of occurrence HCC was made using the Cox proportional hazard model and these were compared by multivariate analysis. Independent factors were identified using SPSS11.0 software (SPSS Inc., Chicago, IL). A p value of less than 0.05 was considered significant.
Results
Comparison of clinical background factors of the study patients. Comparisons of the baseline clinical characteristics between the patients with and without polaprezinc administration are shown in Table 1 . We investigated the mean serum AST levels (U/l), the mean serum ALT levels (U/l), the mean serum Platelet count (×10 4 /μl), the serum iron levels (μg/dl), the serum ferritin levels (ng/ml), the mean serum albumin concentrations (g/dl), the mean serum zinc concentrations (μg/dl), and the mean observation period (year) in the treatment and control groups. There were significant difference in serum ALT levels (p = 0.0048) and serum zinc concentrations (p = 0.0338).
Comparison of the change and rates of change of serum zinc concentrations between patients with and without polaprezinc administration. Comparisons between the treatment and control groups in terms of the change and rates of change of serum zinc concentrations are shown in Fig. 1 . The observation period was seven years. The change and rates of change of serum zinc concentrations in the treatment group were 59.8 ± 9.1 μg/dl and 0% at baseline (n = 30), 60.8 ± 10.9 μg/dl and +0.029 ± 0.18% after 1 year (n = 30), 61.5 ± 9.5 μg/dl and +0.041 ± 0.16% after 2 years (n = 30), 64.3 ± 11.4 μg/dl and +0.089 ± 0.20% after 3 years (n = 30), 67.4 ± 10.6 μg/dl and +0.142 ± 0.25% after 4 years (n = 27), 70.5 ± 12.8 μg/dl and +0.198 ± 0.24% after 5 years (n = 26), 75.7 ± 19.4 μg/dl and +0.296 ± 0.35% after 6 years (n = 24), 76.7 ± 18.2 μg/dl and +0.302 ± 0.30% after 7 years (n = 22). All rate of change (%) was not expressed in value × 100 (for example, 0.302 was 30.2%). The values for the control group were 54.8 ± 10.0 μg/dl and 0% at baseline (n = 32), 51.1 ± 9.3 μg/dl and -0.057 ± 0.11% after 1 year (n = 32), 50.8 ± 9.2 μg/dl and -0.062 ± 0.10% after 2 years (n = 32), 51.8 ± 9.9 μg/dl and -0.046 ± 0.11% after 3 years (n = 32), 56.5 ± 10.7 μg/dl and +0.038 ± 0.14% after 4 years (n = 27), 57.0 ± 13.4 μg/dl and +0.060 ± 0.21% after 5 years (n = 26), 58.2 ± 13.3 μg/dl and +0.072 ± 0.18% after 6 years (n = 23), 56.7 ± 12.4 μg/dl and +0.033 ± 0.21% after 7 years (n = 19). After seven years, the serum zinc concentrations and rates of change of serum zinc concentrations were 76.7 ± 18.2 µg/dl and +0.302 ± 0.30% for the treatment group and 56.7 ± 12.4 μg/dl and +0.033 ± 0.21% for the control group and the serum concentrations of the treatment group had increased significantly (p = 0.0002, p = 0.0036).
Comparison of the change and rate of change of serum albumin concentrations between patients with and with out polaprezinc administration. Comparison of the changes and rates of change of serum albumin concentrations between the treatment and control groups are shown in Fig. 2 . After 6 years, the serum albumin concentrations were 3.9 ± 0.4 g/dl in the treatment group and 3.8 ± 0.4 g/dl in the control group and had not increased significantly. The serum albumin concentrations showed a gradual decrease in both groups, with longer observation. The serum albumin concentrations decreased with time in both groups and there was no difference in the percentage decrease. This suggests that there is no difference between the two groups in terms of the degree of liver disease progression.
Comparison of the cumulative incidence of HCC between patients with and without polaprezinc administration.
A comparison of the cumulative incidence of HCC between the treatment and control groups is shown in Fig. 3 . Hepatocellular carcinoma occurred in 3 of 30 patients (10.0%) in the treatment group and 10 of 32 patients (31.2%) in the control group. The treatment group had a significantly lower incidence of HCC than the control group (p = 0.0355). Furthermore, a comparison of the cumulative incidence of HCC shows that it was significantly lower in the treatment group than the control group (p = 0.0293).
Comparison of the clinical background factors of the patients, separated according to their baseline serum albumin concentrations. We conducted a prospective study to determine the long-term outcome of the zinc therapy according to the baseline serum albumin concentrations. The study subjects were grouped into those with baseline serum albumin concentrations below 4.0 g/dl in and those with serum albumin concentrations of 4.0 g/dl or more. Comparisons of the clinical characteristics of patients with and without polaprezinc administration are shown in Table 2 . There were four patients in the treatment group and 11 in the control group with baseline serum albumin concentrations below 4.0 g/dl and 26 patients in the treatment group and 21 in the control group with baseline serum albumin concentrations of 4.0 g/dl or more. Thus, there were no significant differences in these background factors. Fig. 1 . Comparisons between the treatment and control groups in terms of the change and rates of change of serum zinc concentrations. After seven years, the serum zinc concentrations and rates of change of serum zinc concentration were 76.7 ± 18.2 µg/dl and +0.302 ± 0.30% for the treatment group and 56.7 ± 12.4 µg/dl and +0.033 ± 0.21% for the control group and the serum concentrations of the treatment group had increased significantly (p = 0.0002, p = 0.0036). Fig. 2 . Comparisons between the treatment and control groups in terms of the change and rates of change of serum albumin concentrations. After 6 years, the serum zinc concentrations and rates of change of serum zinc concentration were 3.9 ± 0.4 µg/dl in the treatment group and 3.8 ± 0.4 µg/dl in the control group and had increased not significantly.
Comparison of the changes and rate of change of serum zinc concentration between the treatment and control groups according to baseline serum albumin concentra tions. Fig. 4 shows the changes in serum zinc concentrations in the treatment and control groups, and Fig. 5 shows the rates of change of those concentrations, with the patients grouped according to baseline serum albumin concentrations below 4.0 g/dl or 4.0 g/dl or more.
The observation period was 7 years. After 7 years, the serum zinc concentration was 78.4 ± 18.2 μg/dl in the treatment group with baseline serum albumin concentrations 4.0 g/dl or more and 59.4 ± 12.2 μg/dl in the control group and the rates of change of serum zinc concentrations were +0.339 ± 0.29% and +0.058 ± 0.21%, respectively. The serum zinc concentrations and rate of change of serum zinc concentrations of the treatment group had increased significantly compared to the control group (p = 0.0014, p = 0.0049). There were no significant differences in the group with baseline serum albumin concentrations below 4.0 g/dl.
Comparison of the cumulative incidence of HCC between patients with and without poaprezinc administration, grouped according to their baseline serum albumin concen trations. Comparison of the cumulative incidence of HCC between the treatment and control groups, separated into the groups with baseline serum albumin concentrations below 4.0 g/dl and 4.0 g/dl or more, are shown in Fig. 6 . Among the patients with baseline serum albumin concentrations of 4.0 g/dl or more, hepatocellular carcinoma occurred in 2 of 26 (7.7%) in the treatment group and 5 of 21 (23.8%) in the control group (p = 0.2168). Among the patients with baseline serum albumin concentrations below 4.0 g/dl, HCC occurred in 1 of 4 patients (25.0%) in the treatment group and 5 of 11 (45.5%) in the control group (p = 0.6044). Thus, for both categories of baseline serum albumin concentrations, the incidence of HCC tended to be lower in the treatment group than the control group. Furthermore, a comparison of the cumulative incidence of HCC showed that this was lower in the treatment group than the control group.
Factors associated with the incidence of HCC comparing patients with baseline serum albumin concentrations below 4.0 g/dl and 4.0 g/dl or more using Cox proportional hazard regression analysis. Comparison of the factors associated with the incidence of HCC, comparing the groups with baseline serum albumin concentrations below 4.0 g/dl and 4.0 g/dl or more are shown in Table 3 . In the group with serum albumin concentrations of 4.0 g/dl or more in, it was determined by multivariate analysis Fig. 3 . A comparison of the cumulative incidence of HCC between the treatment and control groups. Incidence curves were determined using the Kaplan Meier method and statistical analysis was performed using the long rank test. A comparison of the cumulative incidence of HCC shows that it was significantly lower in the treatment group than the control group (p = 0.0293). of factors that contribute to a lower incidence HCC, polaprezinc administration (risk ratio: 0.113, 95% confidence interval (CI): 0.015-0.870, p = 0.0362) and platelet counts (risk ratio: 0.766, 95% confidence interval (CI): 0.594-0.989, p = 0.0409) were significant. Therefore, zinc supplementation therapy has been shown to be valuable.
Discussion
Zinc in the blood is bound to albumin, α2-macroglobulin and acids. Approximately 30% of zinc is reported to be absorbed through the intestine (8, 9) and the rate of absorption is said to be affected by changes in zinc intake. (10) (11) (12) Zinc has been reported to antagonize other divalent cations such as iron and copper in the process of absorption. (13, 14) Zinc levels may be regulated by impaired absorption of zinc by the intestinal mucosa and the fecal excretion of zinc in the pancreatic juice. Zinc deficiency may lead to various features of liver disease, including a reduced amount of zinc bound to albumin, as albumin concentrations decrease with the progression of liver disease, and an increased amount of zinc bound to amino acids leading to increased excretion in the urine, increased urinary excretion of zinc due to shunting of the portal circulation system, failure to absorb zinc because of changes in the small bowel intestinal mucosa, and a lower zinc content in the liver because of a decrease in effective hepatocyte function. We reported previously that serum zinc concentrations decrease as Fig. 4 . The changes in serum zinc concentrations in the treatment and control groups with the patients grouped according to baseline serum albumin concentrations below 4.0 g/dl or 4.0 g/dl or more. After 7 years, the serum zinc concentration was 78.4 ± 18.2 µg/dl in the treatment group with baseline serum albumin concentrations 4.0 g/dl or more and 59.4 ± 12.2 µg/dl in the control group, respectively. The serum zinc concentrations of the treatment group compared to the control group had increased significantly (p = 0.0014). There were no significant differences in the group with baseline serum albumin concentrations below 4.0 g/dl. Fig. 5 . The rates of change of those concentrations in the treatment and control groups with the patients grouped according to baseline serum albumin concentrations below 4.0 g/dl or 4.0 g/dl or more. After 7 years, the rates of change of serum zinc concentration was +0.339 ± 0.29% in the treatment group with baseline serum albumin concentrations 4.0 g/dl or more and +0.058 ± 0.21% in the control group, respectively. The rate of change of serum zinc concentrations of the treatment group compared to the control group had increased significantly (p = 0.0049). There were no significant differences in the group with baseline serum albumin concentrations below 4.0 g/dl.
liver disease progresses. In this study, it is difficult to prove that decreases in AST and ALT levels may be attributed to zinc supplementation therapy alone because the patients received other therapies for liver disease, including conservative treatments with drugs such as ursodeoxycholic acid. Really, there was no significant difference between treatment group and control group, the comparison of the change of the platelets counts and the ALT levels for seven years (Table not shown) . Therefore, progression of liver disease seems to vary according to the serum albumin concentrations. We measured the serum albumin concentrations to determine the degree of liver disease progression. This was believed to be lower if the serum zinc concentration led to a decreased the serum albumin concentration. Then, looking at annual trends in the serum albumin concentrations and the decline over time, we found that there was no significant difference between the treatment and control groups. Thus, even in the control and treatment groups, the difference was not considered significant as the progression of liver disease. Considering the natural progression, the serum zinc concentration was believed to have decreased gradually in both groups. If increased serum zinc concentrations were achieved by administration of polaprezinc, this was considered to have been effective zinc therapy.
In consideration of this, the cumulative incidence of HCC was significantly lower with administration of zinc, which may have an effect on liver disease due to elevated serum zinc concentrations, and such administration seems to be one method to suppress the incidence of hepatocellular carcinoma.
Progression of liver disease seems to vary according to the serum albumin concentrations. For this reason, we divided the study subjects into groups according to their serum albumin concentrations before the start of treatment, those below 4.0 g/dl and those with 4.0 g/dl or more. For patients with baseline serum albumin concentrations of 4.0 g/dl or more, the serum zinc concentrations of the treatment group increased significantly compared to the control group and the cumulative incidence of HCC decreased in the treatment group. In other words, the liver disease was less likely to progress in the group with higher baseline serum albumin concentrations, especially those patients whose serum zinc concentrations increased following zinc supplementation therapy. Conversely, in the group with low baseline concentrations of serum albumin, in whom liver disease was likely to progress, zinc therapy significantly increased the serum zinc concentration but did not tend to lower the cumulative incidence of HCC.
The following is known about the relationship between zinc and liver pathology: a state of zinc deficiency may promote collagen production and activation of hepatic stellate cells and have a negative effect on lipid peroxidation by hepatocytes, resulting in Fig. 6 . Comparison of the cumulative incidence of HCC between the treatment and control groups, separated into the groups with baseline serum albumin concentrations below 4.0 g/dl and 4.0 g/dl or more. Incidence curves were determined using the Kaplan Meier method and statistical analysis was performed using the long rank test. The cumulative incidence of HCC tended to be lower in the treatment group than the control group. an increase in the phospholipid content of the liver. (15, 16) Zinc and copper are antagonistic, zinc may inhibit hepatic fibrosis by reducing the activity of lysyl oxidase but copper promotes hepatocellular fibrosis. Zinc may improve hepatocellular damage and inhibit lipid peroxidation.
Zinc suppresses hepatocellular apoptosis by binding to ferritin, although ferritin also chelates iron and iron levels are reduced by the increase in ferritin. (17) Oxidative stress induced by iron in the liver is reduced with the reduction of iron concentrations and, in parallel, may reduce hepatocellular damage. (18) Recently, it was reported that iron is related to hepatocellular carcinoma.
(19) So, we investigated the serum iron and ferritin levels at the baseline and the end of the observation in the treatment and control groups. At the baseline, the mean serum Iron levels were 125.1 ± 37.2 μg/dl in the treatment group and 122.3 ± 41.2 in the control group (p = 0.7914), the mean serum Ferritin levels were 124.2 ± 124.1 ng/ml and 104.0 ± 73.7 (p = 0.4600). The mean serum Iron levels and Ferritin levels had no significant differences at the baseline in the treatment and the control group (Table 1) . At the end of the observation, the mean serum Iron levels were 112.5 ± 58.8 in the treatment group and 114.0 ± 42.5 in the control group (p = 0.9120), the mean serum Ferritin levels were 91.3 ± 76.1 and 97.0 ± 59.8 (p = 0.7521). The serum iron and ferritin levels had no significant differences at the end of the observation between in the treatment and control group, and between in the incidence and non-incidence of HCC (Table not shown). However, the mean serum ferritin levels tended to be lower in treatment group between the baseline (124.2 ± 124.1) and the end of the observation (91.3 ± 76.1). We considered that zinc therapy would reduce the serum ferritin levels.
This study is unique in following the study subjects over seven years and shows that the serum zinc concentration is elevated by zinc therapy. In addition, the side effects of an overdose of zinc are minimal, so that it may be administered safely. Zinc therapy is believed to contribute to improvement of the condition of the liver, including lowering the incidence of HCC, safely and without side effects. Only in the group with low serum albumin concentrations before the start of treatment did zinc therapy fail to achieve an increase in serum zinc concentrations. We assumed that zinc was effective in lowering the incidence of HCC. If the serum zinc concentration is increased, this might reduce the incidence of HCC, so it is desirable to devise some kind of treatment, such as zinc therapy to increase the amount of zinc, or combination therapy with zinc and an amino acid formula.
In conclusion, zinc supplement administration has been suggested to improve liver pathology and suppress the occurrence of hepatocellular carcinoma. Zinc supplementation therapy may be administered aggressively, safely and without side effects.
